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(57> Claim 

1 . A variable-ratio transmission device for a motor vehicle, the transmission 

device comprising an input and an output; a differential mechanism having a first 
access, a second access, and a third access, the differential mechanism defining a 
first transmission ratio and a second transmission ratio, the rotational speed of the 
output relative to that of the input being higher during operation according to the 
second ratio than during operation according to the first ratio; ^at least a first 
selective coupling means for effecting the change from the first ratio to the second, 
the first selective coupling means having a driving member and a driven member 
and being of a type which allows relative angular slip between the driven member 
and the driving member as a function of torque transmitted between the members 
and rotational speed of the driving member; means for connecting the input of the 
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device to the driving member of the first selective coupling means independently 
of any of the accesses of the first differential mechanism; means for connecting the 
output of the device to the first access of the first differential mechanism; means 
for connecting the driven member of the first selective coupling means to the 
second access of the first differential mechanism; means for connecting the input 
of the device to the third access of the first differential mechanism independently 
of the first selective coupling means; and means for preventing the second access 
from rotating backwards during operation according to the first transmission ratio. 
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(54) Title: VARIABLE SPEED TRANSMISSION DEVICE, PARTICULARLY FOR MOTOR VEHICLES 
(54) litre: DISPOSITIF DE TRANSMISSION A RAPPORT VARIABLE, EN PARTICULAR POUR L' AUTOMOBILE 
(57) Abstract 

An engine (3) drives the pump (8) of a torque converter (T, of which the 
turbine (1 !) is linked to the ring gear (16) of a planetary gear train (13) whose 
planet pinion carrier (18) is connected to the output of the transmission. The 
pump (8) is connected to the sun wheel (14) of the planetary gear train (13). 
The ring gear (16) is mounted on a free wheel (22) preventing reverse rotation. 
On starting, power passes through said sun wheel (14) of the gear train (13) 
acting as a step-down gear with the ring gear (16) held by the free wheel (22). 
Then, the torque transferred by the converter to the ring gear (16) exceeds the 
reaction torque which is strictly needed, and the ring gear (16) gradually 
equalizes its speed with that of the sun wheel (14). The gear train (13) operates 
as an adder mechanism for the mechanical power received on the sun wheel 
(14) and the hydrauKcal power received on the ring gear (16). Automatic direct drive (23) is provided. Hie device can be used to 
minimize external control, losses in the converter, weight, cost and size. 

(57)Abiege 

Un moteur (3) entraine la pompe (8) d'un convertisseur de couple (7) dont la turbine (1 1) est reliee a ia courorne (16) d'un 
train planetaire (13) dont le porte-satellites (18) est relie a la sortie de la transmission. La pompe (8) est reliee au planetaire (14) 
du train planetaire (13). La cooronne (16) est montee sur roue libra (22) empechant la rotation en sens retrograde. Au demarrage, 
la puissance passe par le planetaire (14) dans le train (13) se comportant en reducteur mecanique avec la couronne (16) immobile 
see par la roue libra (22). Puis le couple transmis par le convertisseur a la couronne (16) excede le couple de reaction strictement 
neccssatre, la couronne (16) egalise progresstvement sa vhesse avec cetle du planetaire (14). Le train (13) fonctJonnc en addition- 
neur des puissances recues mecaniquement sur le planetaire (14) et hydrauliquement sur la couronne (16). Une prise directe auto- 
matique (23) est prevue. Utilisation pour minimiser le pilotage, les pertes dans le convertisseur, le potds, le cout, 1'encombremenL 




The present invention relates to a variable-ratio 
transmission device, especially for motor vehicles. 

So-called "automatic transmission" devices 
comprising an energy-transfer means with relative angular 
slip connected in series to a triple-access differential 
mechanism, are known. 

The energy-transfer means generally consists of 
a hydraulic torque converter. It comprises, as a driving 
member, a hydraulic energy generator, called a pump, 
connected to the input of the transmission device and, as 
a driven member, a hydraulic motor, called a turbine, 
which produces mechanical energy from the hydraulic 
energy supplied by the pump and whi ~b is connected to one 
of the accesses of the differential mechanism. 

The differential mechanism generally consists of 
a planetary gear train, of which an access other than 
that connected to the turbine is connected to the output 
of the transmission device. The third access of the 
planetary gear train can either be immobilised, to cause 
the planetary gear train to operate as a reducer, or be 
connected to one of the other two accesses, to cause the 
planetary gear train to operate by direct drive. 

The torque converter has the advantage of replac- 
ing the friction clutch and of itself giving rise, as a 
function of its turbine/pump speed ratio, to some vari- 
able multiplication of the torque which makes it possible 
to produce the transmission with a reduced number of 
separate mechanical ratios, for example only two ratios, 
with a single planetary gear train, as stated above. 

On the other hand, conventional automatic trans- 
missions have some serious disadvantages. Their ef- 
ficiency ?• very poor, especially in town traffic. 
Moreover, taeir weight is very great, their cost is high 
and they are of gr? t complexity, especially when they 
comprise numerous cj^r ratios, nhis being the current 
trend . 

Admittedly, the most recent transmissions 
comprise a direct-drive device which is put into oper- 
ation when the vehicle reaches a cruising speed, in order 
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at this stage to eliminate losses n the converter. Nevertheless., this device, which 
further increases the complexity, dv*es not solve the problem of ,.ie very high 
losses caused by the c^-T-rter at low speed, particularly in the acceleration phase. 

Furthermore US-A-3, 426,618 makes known a device, the input of 
5 whic drives one of the accesses of the differential mechanism directly and drives 
another access of the differential mechanism by means of a torque converter and 
a reducer. 

Thus, only some of the power passes via the converter and the losses 
in the converter can be reduced. 
10 This results, however, in a relatively complex device which, in one of 

the examples given, comprises two epicydic gear trains for providing only two 
transmission ratios. Moreover, the control of the change from one ratio to the 
other is complex with the simultaneous control of a clutch and of a brake as a 
function of parameters, such as the rotation*! speed and/or the torque to be 

• 

v.. 15 transmitted, which necessarily have to be supplied by measurement or detection 
devices. This system can bring about jolts or, on the contrary, momentary breaks 

• ## * in transmission. 

The object of the invention is, therefore, to provide a variable-ratio 

•••* 

* transmission device which is much simpler, lighter and more economical than 

• 

:""20 known franomiociono and which has at least as high, if not transmissions 

• • • 

improved, efficiency. 

The invention provides a variable-ratio transmission c\»vice for a motor 




vehicle, the transmission device comprising an input and an output; a differential 
mechanism having a first access, a second access, and a third access, the 
differential mechanism defining a first transmission ratio and a second transmission 
ratio, the rotational speed of the output relative to that of the input being higher 
during operation according to the second ratio than during operation according to 
the first ratio;\at least a first selective couplingTneans for effecting the change from 
the first ratio to the second, the first selective coupling means having a driving 
member and a driven member and being of a type which allows relative angular 
sKp between the driven member and the driving member as a function of torque 
transmitted between the members and rotational speed of the driving member; 
means for connecting the input of the device to the driving member of the first 
selective coupling means independently of any of the accesses of the first 
differential mechanism; means for connecting the output of the device to the first 
access of the first differential mechanism; means for connecting the driven member 
of the first selective coupling means to the second access of the first differential 
mechanism; means for connecting the input of the device to the third access of the 
first differential mechanism independently of the first selective coupling means; 
and means for preventing the second access from rotating backwards during 
operation according to the first transmission ratio. Thus, the change from the first 
ratio to the second is controlled according to a speed of the selective coupling 
means itself. There is no longer any need to detect a speed external to this means 
and then to control the coupling means from outside as a function of this speed. 




On the contrary, the coupling means can become very simple and independent. 
It can, for example, be a torque converter or a centrifugal dutch (the torque 
converter of US-A-3,426,618 does not perform the function of ensuring a transition 
between two transmission ratios). The slip capacity of the coupling means, 
combined with its capacity for transmitting a torque which is a function of the 
speed, means that the change to the second retio shifts automatically towards the 
higher speeds when the torque to be transmitted is high, as is desirable in practice. 
This is obtained, without the need for detecting the torque to be transmitted. 
Furthermore, the coupling takes place progressively with an intermediate phase 
which, in practice constitutes an additional transmission ratio. 

During operation according to the first ratK virtually the entire power 
is delivered to the third access, hence without passing via the selective coupling 
means, because the rotational speed of the coupling does not yet allow it to 
transfer to the second access the reaction torque to be applied to the second access 
to ensure that the differential mechanism operates as a reducer between its third 
access connected directly to the input of the device and its first access connected 
to the output of the latter. This reaction torque is supplied by the means 
preventing the second access from rotating backwards, for example a brake or 
preferably a free wheel. The first ratio is therefore ensured by mechanical 
transmission between the third access and the first access, without hydraulic 
intervention, even when the selective coupling means is a torque converter. 

When the rotational speed of the driving member of the transfed means 



5a 

increases, from a particular stage the latter transfers to the second access a torque 
which exceeds the reaction torque strictly necessary. From that moment, the 
second access is set in rotation in the direction contributing to increasing the speed 
of the output of the device. The differential mechanism thereby operates as a 
5 ^wer adder, that is to say, the first access connected to the output of the device 
receives the sum of the powers transmitted respectively to the second access via 
the selective coupling means and the third access directly from the input. 

In this second operating phase, the ratio of the transmission between 
its input and its output varies as a function of the slip in the selective coupling 
10 means. If the resisting torque applied to the output of the transmission device is 
high, the second access is subjected to a high reaction torque, and at least under 
some speed conditions the selective coupling means can allow a slip which reduces 
the output/input speed ratio 
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of the transmission and which thus increases the torque 
of the output of the device. This corresponds to what is 
expected from a transmission for motor vehicles , namely 
a relatively high rotational speed of the engine when 
there is a high torque to be supplied to the wheels. 

This provides a transmission device capable of 
causing a differential mechanism to operate as a vari- 
able-ratio reducer, without any external influence or 
control, other than that corresponding to the torques and 
speeds of the input and output of the device, being 
strictly necessary. 

The selective coupling means can be a torque 
converter. This device has the advantage of multiplying 
the torque when it operates with a slip. On the other 
hand, it has the disadvantage of being relatively expen- 
sive and bulky and of having a permanent energy consump- 
tion. 

Preferably, the selective coupling means is a 
clutch controlled as a function of the said rotational 
speed so as to change from a disengaged state to an 
engaged state when the said rotational speed of the 
coupling means crosses a predetermined speed interval in 
an increasing direction. 

It was found, in fact, according to the present 
invention that a simple clutch controlled with suitable 
progression could replace the torque converter with the 
following advantages: 

- low cost; 

- small bulk; 

- absence of losses when it is coupled completely 
or uncoupled completely; 

- acceptable losses , in the end much lower than 
could be thought beforehand, when the clutch slips under 
load, above all if only some of the power passes via this 
clutch, at least at the moment of slip. 

Preferably, means are provided for varying the 
speed range of the clutch as an increasing function of 
the torque transmitted by the device. The means for 
varying the speed range reside advantageously in that the 
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gripping force applied to the clutch is an increasing 
function of the speed. Thus, for a higher torque to be 
transmitted , requiring a greater gripping force to obtain 
engagement, the speed at which the clutch engagement 
5 takes place is higher. 

The present invention is also aimed at an 
advantageous embodiment of a progressive clutch sensitive 
to the rotational speed and to the torque to be trans- 
mitted. 

10 The present invention is aimed, further, at the 

addition, in functional terms in series in the trans- 
mission device, of an additional two-speed automatic- 
change differential, with the possibility of the manual 
selection of a reverse ratio. 

15 Other particular features and advantages of the 

invention will also emerge from the following description 
of various non-limiting examples. 

In the accompanying drawings: 

- Figure 1 is a diagrammatic view in axial 
20 section of a first embodiment of the transmission device 

according to the invention; 

- Figure 2 is a comparative graph showing ef- 
ficiency as a function of the speed of a vehicle; 

- Figures 3 to 5 are views in axial section of a 
25 second, a third and a fourth embodiment of the trans- 
mission device according to the invention; 

- Figure 6 is an enlarged partial view in axial 
section of a centrifugal clutch of Figure 5 in the 
disengaged state; 

30 - Figure 7 is a view similar to that of Figure 6 

when the clutch is in the engaged state; 

- Figure 8 is a partial view showing a flyweight 
tilted into the limit position; 

- Figure 9 is a partial exploded perspective view 
35 of the clutch of Figures 6 to 8; and 

- Figure 10 is a diagrammatic view of an alter- 
native version of the clutch. 

In the example illustrated in Figure 1, the 
transmission device 1 according to the invention has an 




input shaft 2 connected to the output of a thermal engine 
3 which can be the engine driving a motor vehicle, and an 
output 4 which is connected to the input of a driving 
axle 6. 

The transmission device 1 comprises a selective 
coupling means with a relative angular slip #• which is 
produced in the form of a hydraulic torque converte^. The 
converter 7 comprises a driving member which is a 
hydraulic energy generator or "pump" 8 connected to the 
input 2 by means of a centrifugal clutch 9. The latter is 
sensitive to the rotational speed of the input 2 in order 
to couple the input 2 co the pump 8 when the rotational 
speed of the input 2 exceeds, for example, l r 200 revolu- 
tions per minute (125 radians per second), that is to say 
slightly exceeds the idling speed of the engine 3. 

The torque converter 7 furthermore comprises, in 
a conventional way, a driven member which is a hydraulic 
motor or "turbine" 11, and a "reactor" 12 which is 
3uitably immobilised in terms of rotation relative to the 
frame, in order, during operation, to provide the oil 
with a reaction support allowing the conversion of the 
torque • 

As is known, a torque converter is a device 
which, for a given torque applied to its pump 8 f produces 
by means of its turbine 11 a torque oriented in the same 
direction and multiplied by a factor which is an increas- 
ing function of the relative angular slip of the turbine 
11 in relation to the pump 8. 

The transmission device 1 comprises, furthermore, 

a differential mechanism 13 produced in the form of a 

Sua Qjjuxr or Cx ™\ <ie^c 

planetary gear train comor is ing a ^planet wheel i4, a^ 

crown 16 ano^Mte^l^tes *17 which mesh with the planet 

wheel 14 and with the crown 16. 

The satellites 17 are mounted rotatably on a 
satellite carrier 18 forming a first of the three 
accesses of the differential mechanism 13, and this first 
access is connected directly in terms of rotation to the 
output 4 of the transmission device. 

A second access 19 of the differential mechanism 



- 9 - 



13 is integral in terms of rotation with the crown 16, 
and it is likewise made integral in terms of rotation 
with the turbine 11 of the torque converter 7. 

A third access 21 of the differential mechanism 
5 13 is integral in terms of rotation with the planet wheel 
14, and it is likewise made integral in terms of rotation 
with the pump 8 of the converter 7. 

By -differential mechanism • is meant a triple- 
access mechanism, each access of which has an angular 
10 speed which is a function of the angular speed of the 
other two, this function being determined by the gear 
ratios connecting the three accesses in the mechanism to 
one another. 

The transmission device 1 comprises, furthermore, 
15 a free wheel 22 which allows the second access 19, that 
is to say the crown 16, to rotate in the forward 
direction, that is to say in the direction tending to 
drive the output 4 of the transmission device in the 
direction corresponding to the operation of the vehicle 
20 in forward motion. In the example described, the input 2 
and output 4 rotate in the same direction which con- 
stitutes the forward direction for all the elements of 
the device 1 which are capable of rotating about the 
central axis of the transmission. The free wheel 22 
25 prevents the crown 16 from rotating backwards in relation 
to the frame of the transmission. 

A clutch 23 is mounted for selectively coupling 
the first access 18 and the second access 19 of the 
differential mechanism 13, so as to ensure a direct drive 
30 between the input 2 and the output 4 of the device. 

The clutch 23 is sensitive to the rotational 
speed of the output 4 of the device, so as to couple the 
first and second accesras 18 and 19 to one another above 
a particular rotational -speed threshold of the output 4, 
35 and it is also sensitive to the vacuum prevailing in the 
intake manifold (not shown) of the engine 3, in order to 
raise the abovementioned rotational-speed threshold when 
the vacuum prevailing in the manifold is low, this 
meaning that the torque required from the engine assembly 



consisting of the engine 3 and of the transmission device 
1 is high. This influence of the vacuum has been 
represented diagrammatically by a piston/cylinder system 
24. 

A second free wheel 26 is interposed between the 
first access 18 and the third access 21, in order to 
prevent the first access 18 connected to the output 4 
from rotating at a higher speed that the third access 21 
connected to the input 2 of the device. Thus, when the 
output 4 tends to rotate faster than the input 2, for 
example on a descending gradient, it drives the engine 3 
at a higher speed, thus allowing operation as an "engine 
brake". 

The transmission device 1 operates as follows: 
When the engine 3 is idling, the centrifugal 
clutch 9 is uncoupled, so that the transmission device 1 
as a whole, with the exception of the input 2, Is 
stationary if the wheels of the vehicle are stationary. 

If the rotational speed of the input 2 is in- 
creased by action on the engine 3, the centrifugal clutch 
9 makes the coupling between the input 2 and on the one 
hand the pump 8 of the converter 7 and on the other hand 
the third access 21, that is to say the planet wheel 14 
of the planetary gear train 13. Because of the resistance 
of the output 4 to rotation, the rotation of the planet 
wheel 14 tends to cause the crown 16 to rotate in the 
opposite direction, this being opposed by the free wheel 
22, so that the satellite carrier 18 and consequently the 
output 4 are driven in the same direction as the planet 
wheel 14, but at a speed stepped down in a ratio which 
can, for example, be 4, depending on the gear ratios 
chosen for the planetary gear train 13. 

At the same time, the pump 8 of the converter 7 
transmits a torque to the turbine 11 in the forward 
direction, and this torque is transmitted to the access 
19 of the planetary gear train 13. At the outset, this 
torque is lower than the torque transmitted in the 
opposite direction to the crown 16 by the satellites 17, 
on the one hand because of some inertia of the oil 



contained in the converter 7 and on the other hand 
because of an insufficient rotational speed of the pump 
8. consequently, the crown 16 tends to rotate backwards 
and thus gains reaction support from the frame by means 
of the free wheel 22 which prevents this movement. The 
transmission then operates according to a first trans- 
mission ratio which is purely mechanical. 

As soon as the converter 7 produces a sufficient 
torque on the turbine 11 , the crown 16 is set in rotation 
in the forward direction and thereby transmits to the 
satellite carrier 18 a useful power which is added to 
that transmitted by means of the planet wheel 14. At this 
stage, the differential mechanism operates as a power 
adder. 

With an increasing torque transmitted to the 
turbine 11 by the converter 7, tb^ crovn 16 assumes an 
increasing angular speed which approaches the angular 
speed of the planet wheel 14, to within the slip of the 
converter. The initial transmission ratio of the device 
1 therefore changes progressively from a value which is, 
for example, 4 to 1 to a value which is in the neighbour- 
hood of 1 to 1 and which constitutes the second iatio of 
the transmission. 

Thus, the torque converter has brought about in 
the differential mechanism 13 a progressive coupling 
which caused the transmission to change from a first 
ratio to a second by continuous variation. This coupling 
was brought about as a function of the rotational speed 
of the pump 8, this speed determining the torque trans- 
mitted to the turbine 11 under stationary conditions, and 
by the reaction torque on the crown which is proportional 
to the resisting torque at the output 4 of the trans- 
mission. Consequently, if the resisting torque at the 
output 4 is high, the range of rotational speeds of the 
pump 8 during which the converter makes the transition 
between the first ratio and the second shifts upwards, 
this being desirable in many cases, especially for motor 
vehicles . 

When the angular speed of the output 4 exceeds 
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the threshold determined by the clutch 33 in the way 
explained above, the clutch 23 couples the satellite 
carrier 18 to the crown 16 in such a way that the trans- 
mission device 1 as a whole, with the exception of the 
reactor 12 of the converter 7, rotates at the speed of 
the input 2 which is therefore likewise that of the 
output 4. 

In Figure 2, unbroken lines represent an example 
of the curve of the efficiency R ci the transmission of 
Fxgure 1 as a function of the speed V of the vehicle. 
Three operating phases can be distinguished there, namely 
a phase P t during which the crown 16 is stationary, a 
phase P 2 during which the crown 16 is in movement and some 
of the power is transmitted via tba converter 7, and a 
Phase P, corresponding to direct drive by means of the 
clutch 23. The efficiency is lower during the phase P 2 , 
because it is affected by the efficiency of the converter 
which transmits some of the driving power. However, it is 
remarkable to find that, in all ranges, the efficiency is 
clearly higher than that of a conventional automatic 
transmission which is represented by broken lines in 
Figure 2. 

The example of Figure 3 will be described only in 
terms of its differences from Figure 2. 

The turbine 11 of the converter 7 is no longer 
connected to the second access 19 of the planetary gear 
train 13 directly, but by means of a planetary reducer 
27. More particularly, the turbine 11 is connected to the 
planet wheel 28 of the reducer 27, and the second access 
19 of the differential mechanism 13 forms the satellite 
carrier of the planetary reducer 27 and to this effect 
carries satellites 29 which mesh on the one hand with the 
planet wheel 28 and on the other hand with a crown 31 of 
the planetary reducer 27. The crown 31 is associated with 
a free wheel 32 allowing it to rotate only in the forward 
direction. Also, a clutch 33 makes it possible to connect 
the second access 19 of the differential mechanism 13 
selectively to the crown 31 of the planetary reducer 27. 

When the clutch 33 is uncoupled, the planetary 
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reducer 27 reduces the rotational speed of the second 
access 19 in relation to the rotational speed of the 
turbine 11, because the crown 31 tending to rotate 
backwards is prevented from this by the free wheel 32 and 
is therefore immobilised. The reduction ratio can be, for 
example, 2.5 to 1. 

Conversely, when the clutch 33 is engaged, the 
planetary reducer 27 behaves as a direct drive, so that 
the crown 16 rotates at the same speed as the turbine 11, 
as in the preceding example. 

A control box 34 acts on a member for adjusting 
the centrifugal clutches 23 and 33, for the purpose of 
modifying their respective speed thresholds as a function 
of parameters such as the position of the accelerator 
pedal of the engine 3, the vacuum in the intake manifold 
of the engine 3 and/or, where the clutch 33 is concerned, 
the rotational speed of the output 4. At all events, the 
speed threshold of the centrifugal clutch 33 is lower 
than thac of the centrifugal clutch 23. 

There are, furthermore, a means 36 f^r the 
selective blocking of the crown 16, a means 38 for the 
selective blocking of the crown 31, which are normally in 
the released state, and a means 37 for the selective 
blocking of the support of the free wheel 32, which is 
normally in Lhe blocked state. 

The -ransmission device of Figure 3 operates as 
follows. It will be assumed hereafter that the blocking 
means 36 and 38 are in the released state and the 
blocking means 37 is in the blocked state, until the 
question of operation as an engine brake is dealt with. 

During starting, once the centrifugal clutch 9 
has changed to the engaged state and when the centrifugal 
clutches 23 and 33 ^r^in^.thqxiisengaged state, the first 
operating phase P'i^ is substantially identical to the 
phase P x of the embodiment of Figure 1. However, the 
torque converter 7 acts on the crown 16 by means of the 
reducer 27, so that it begins more quickly to supply the 
crown 16 with a torque exceeding the reaction torque 
strictly necessary for balancing the action of the planet 
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wheel 14. The operating phase is therefore shorter 

than the operating phase p,. <age-M r >. ij 

Subsequently, as shown in Pigure 2 by the curve 
represented by small crosses and relating to the embodi- 
ment of Figure 3, the efficiency curve moves away from 
that of the embodiment of Figure 1. 

The next phase P' 2 commences when the crown 16 
begins to be driven in the forward direction by the 
converter 7 via the reducer 27. Because of the reducer, 
the crown 16 is driven only at a speed much lower than 
that of the planet wheel 14, for example 2.5 times lower 
(if the ratio of the reducer 27 is equal to 2.5) at the 
end of the phase P' 2 when the converter 7 now operates 
only with minimum slip. Returning to the preceding 
example in which the reduction ratio between the input 2 
and the output 4 is equal to 4 when the crown 16 is 
blocked, this overall ratio becomes equal to 1.8 if the 
crown 16 is driven at a speed 2.5 times lower than that 
of the planet wheel 14. The phase P' 2 will therefore cause 
the transmission to change from a first ratio, the value 
of which is 4, to a second ratio, the value of which is 
slightly higher than 1.8 (in view of the slip of the 
converter 7 which is never cancelled completely) . In this 
phase, the power transmitted by the converter is lower 
than during the phase P 2 ,as a result of the reduce^', 
thereby substantially improving the efficiency and at the 
same time increasing the overall reduction ratio and 
consequently increasing the torque supplied to the 
driving axle 6. 

A phase P' 3 then begins when the speed threshold 
of the centrifugal clutch^ 33 isreached, beyond which 
threshold the reducer 27 feefeSS^rfS^direct drive, so 
that the transmission device will progressively start to 
operate according to a third transmission ratio in the 
neighbourhood of the value 1, as during the phase P 2 in 
the embodiment of Figure 1. However, in the embodiment of 
Figure 3, it was assumed that the phase P' 2 extended 
beyond the phase P 2 in view of division into four phases 
instead of 3. This can be obtained, for example, by using 



- 15 - 



a converter 7 transmitting les3 torque at a given speed 
and with a given slip. 

At the end of the phase P' 3 , the speed threshold 
of the centrifugal clutch 23 is reached, and a direct- 
drive situation occurs in the transmission as a whole, 
the clutch 33 itself remaining in engagement. 

During operation as an engine brake, the free 
wheel 26 between the input 2 and the output 4 always 
prevents the output 4 from rotating faster than the input 
2. 

A more effective engine brake can be obtained by 
putting the means 38 for blocking the crown 31 in the 
block position, so as to increase the rotational speed of 
the planet wheel 28 of the reducer 27 in relation to that 
of the crown 16, in order to cause the engine to operate 
at a ratio corresponding substantially to the situation 

An even more effective engine brake is obtained 
by releasing the means 38 and the means 37 and by 
blocking the means 36, in which case the transmission is 
blocked in the situation P' x , the crown 31 rotating at 
high speed in the backward direction. 

The embodiment of Figure 4 will be described only 
in respect of its differences from that of Figure 3. 
The centrifugal input clutch 9 is omitted, so that the 
input 2 of the transmission is connected directly to the 
pump 8 of the torque converter 7 and to the planet wheel 
14 of the differential mechanism 13. 

The support of the free wheel 22 is associated 
with a brake 39 controlled by a pneumatic actuator 41 
under the action of the pressure prevailing in the intake 
manifold of the engine 3. The means 37 for blocking the 
free wheel 32 is replaced by a clutch 42 controlled by an 
actuator 43 operating by means of the pressure prevailing 
in the intake manifold under the control of the control 
box 34. 

This embodiment operates according to the same 
phases P' lr P' 2 , P' 3 and P% as that of Figure 3. Only the 
method of changing from one phase to another differs 
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somewhat . 

When the engine 3 is idling, all the clutches 
and the blocking means are in the released state. The 
engine 3 drives the pump 8 and the planet wheel 14 , thus 
producing a backward notation of the crown 16, since the 
satellite carrier 18 is stationary, the vehicle being 
assumed to be stopped. This backward rotation of the 
crown 16 brings about a likewise backward rotation of nhe 
crown 31 of the reducer 27, since such a rotation encounters 
no resistance when the planet wheel 28 of the reducer 27 
is driven by the converter 7 substantially at the same 
speed as the input 2. 

When the driver presses on the accelerator pedal 
for the purpose of starting, an increase of pressure (a 
reduction of the vacuum) is transmitted to the actuator 
41 which controls the progressive gripping of the clutch 
39, thereby establishing a situation similar to that of 
Figure 3, that is to say the crown 16 is prevented from 
rotating backwards. 

The phase V' x could have been initiated by 
gripping the clutch 42 at the same time as the clutch 39. 
But by avoiding gripping the clutch 42 immediately, the 
(needless) action of the converter 7 during the phase P ; : 
is cancelled. The usefulness of this is that it improves 
the efficiency even further, the more so because, in this 
embodiment where the converter 7 already rotates when 
starting is initiated, there is less delay in the 
activation of the oil of the converter. Another advantage 
is that the box 34 controlling the gripping of the clutch 
42 thus controls the triggering of the phase P' 2 and can 
thereby delay or advance this triggering as a function of 
the operating parameters. 

The phases P' 2 , P' 3 and P' 4 succeed one another 
thereafter in the same way as in the embodiment of Figure 
3. For operation as an engine braks, the clutch 39 
remains in the engaged state and the blocking means 36, 
38 and the clutch 42 are controlled in the same way as 
were the blocking means 36, 38 and 37 of Figure 3, res- 
pectively. 
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In the example of Figure 5 which will be describ- 
ed only as regards its cifferences from that of Figure 3, 
the first access IB is connected to the output 4 of the 
transmission by means of an additional differential 51 
5 which will be described later. 

The second access 19 of the differential 
mechanism 13, integral in terms of rotation with the 
crown 16 , is connected to the input 2 of the device by 
means of two successive centrifugal clutches 9 and 107. 
10 One of these clutches, that directly adjacent to the 
input 2, is ^%^ utch 9 alread Y described. 

The other ^107) of these two centrifugal clutches 
constitutes the selective coupling means for connecting 
the input 2 to the second access 19 of the differential 
15 mechanism 13 by means of a planetary reducer 27, with the 
possibility of a relative angular slip. 

More particularly, the driving member 108 of the 
centrifugal clutch 107 at the same time constitutes the 
driven member of the clutch 9. The driven member 111 of 
20 the clutch 107 is connected to the planet wheel 28 of the 
reducer 27. 

The third access 21 of the differential mechanism 

13 is integral in terms of rotation with the planet wheel 

14 and with the driving member 108 of the clutch 107. 

25 The centrifugal clutch 107 is sensitive to the 

rotational speed of the input 2, as transmitted to its 
driving member 108 by means of the clutch 9 , so as to 
change to the engaged state when the rotational speed of 
the input 2 crosses in the increasing direction a speed 
30 interval which, in terms of value, is located above the 
speed threshold to which the clutch 9 is sensitive. 
Moreover, this speed interval is variable as an increas- 
ing function of the torque tending to pass via the clutch 
107. This interval can, for example, have a width of 500 
35 revolutions per minute and its centre can move between 
2,000 and 4,000 revolutions per minute as a function of 
the torque to be transmitted. An embodiment of such a 
clutch will be described later. 

The clutch 23 is sensitive to the rotational 
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speed of the first: access .8 of the differential 
mechanism. In order to couple the first and second 
accesses 18 and 19 progressively to one another when the 
rotational speed of the first access 18 crosses a par- 
ticular rotational-speed interval in the increasing 
direction. As in the clutch 107, means are provided for 
raising the values of this rotational-speed interval when 
the torque to be transmitted increases. 

When the clutch 107 is gripped, but the clutch 23 
is uncoupled and thus allows the second access 19 to 
rotate at a speed different from that of the driven 
aember in, the planetary reducer 27 reduces the 
rotational speed of the second access 19 in relation to 
the rotational speed of the driven member ill, because 
the crown 31 tending to rotate backwards is prevented 
from this by the free wheel 32 and is therefore 
Immobilised. The reduction ratio can be, for example, 2.5 
to 1. 

On the contrary, when the clutch 23 is engaged, 
the entire assembly comprising the clutches 9 and 107, 
th ° ^£S££2c reducer 27 and the differential mechanism 
13 hnh suras ^Tn the direct-drive mode and rotates as a 
single unit. 

In comparison with the device of Figure 3, the 
clutch between the second access 19 and the crown gear 31 
is omitted. In fact it has become superfluous, because 
when the clutch 107 is in the engaged state, the change 
of the clutch 23 to the engaged state, occurring at 
higher speeds of the first access 18, indirectly fixes 
the satellite carrier 19 and the planet wheel 28 relative 
to one another, so that the crown 31 is itself forced to 
rotate at the speed of the satellite carrier 19. This 
occurs because the converter of Figure 3 has been 
replaced by the clutch 107 which, in the engaged state, 
does not produce any relative angular slip. 

Likewise, the control device of the clutch 23 has 
been omitted. 

The additional differential 51 is produced in the 
. ? f an ^ < !*y f?** tr *4«. comprising a crown 52 
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forming the input member and connected to the first 
access 18 of the differential mechanism 13. The crown 52 
meshes with satellites 53 supported by a satellite 
carrier 54 which forms the output member. The satellites 
5 53 also mesh with a planet wheel 56 of the differential 
51. 

The additional differential 51 is associated with 
a device 57 for selecting the direction of motion of the 
driving axl« 6. The selection de% *ce Z' comprises a 
10 complex sliding gear 58 comprising an individual sliding 
gear 59 connected in terms of rotation to the satellite 
carrier 54 f but movable axially in relation to the latter 
by means of splines 61, and an individual sliding gear 62 
connected in terms of rotation to the planet wheel 56, 
15 but movable axially in relation to this by means of 
splines 63. The two individual sliding gears 59, 62 can 
rotate at different speeds, but are connected to one 
another for movements along the axis which are controlled 
by a manual mechanism (not shown) known per se. The 
20 sliding gear 59 has a claw 64 capable of int racting with 
a fixed claw 66 for immobilisng the satellite carrier 54 
and a claw 67 capable of interacting with a corresponding 
claw 68 of the output 4 for coupling the output 4 to the 
satellite carrier 54. 
25 The individual sliding gsar 62 has a claw 69 for 

interacting with a corresponding claw 71 of the output 
4, so as to couple the planet wheel 56 to the output 4, 
and a claw 72 capable of interacting selectively with a 
corresponding claw 73 connected to a housing 74 of the 
30 transmission device 1 by means of a free wheel 76 preven- 
ting the claw 73 from rotating backwards. 

The upper part of Figure 5 shows the sliding gear 
58 in the position of forward motion: -he individual 
sliding gear 59 connects the satellite carrier 54 to the 
35 output 4 and releases the satellite carrier 54 from the 
fixed claw 66 , whilst the individual sliding gear 62 
releases the output 4 from the planet wheel 56 and 
connects the planet wheel 56 to the housing 74 by means 
of the free wheel 76. 




To change to reverse motion, the complex sliding 
gear 58 is moved to the left in Figure 5, as shown at the 
bottom of this Figure, thereby simultaneously executing 
the following operations i the uncoupling of the satellite 
carrier 54 from the output 4 and the immobilisation of 
the satellite carrier 54 in terms of rotation by means of 
the claw 66, the coupling of the output 4 to the planet 
wheel 56 and the release of the planet wheel 56 with 
respect to the housing 74. 

In this latter situation, therefore, the satel- 
lite carrier 54 is prevented from rotating, so that the 
satellites 53 behave as movement reversers causing the 
planet wheel 56 to rotate in the backward direction when 
the crown 52 rotates in the forward direction. 

There is, moreover, a centrifugal clutch 77 which 
progressively connects the satellite carrier 54 and the 
crown 52 to one another when the rotational speed of the 
satellite carrier 54 crosses a particular rotational* 
speed interval, so as to cause the additional 
differential to operate by direct drive when the 
rotational speed of the satellite carrier 54 is located 
above the interval. As with the clutches 107 and 23, this 
speed interval moves towards higher values when the 
torque to be transmitted itself becomes higher. 

Thus, operation in forward motion is as follows: 
when the clutch 77 is in the disengaged state, the planet 
wheel 56 constitutes a stationary reaction member and the 
satellite carrier 54 rotates in the forward direction at 
a speed below that of the crown 52. The output 4 rotates 
at the same speed as the satellite carrier 54. When the 
clutch 77 is in the engaged state, the differential 51 as 
a whole is in the direct-drive state, and -he planet 
wheel 56 rotates at the same speed as the satellite 
carrier 54 and the crown 52, as allowed by the free wheel 
76 which prevents rotation only in the backward 
direction. The output 4 then rotates at the same speed as 
the first access 18 of the differential mechanism 13. 

Also provided between the crown 52 and the 
satellite carrier 54 is a free wheel 78 which performs 
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the function of allowing operation as an engine brake by 
preventing the satellite carrier 54 from rotating faster 
than the crown 52. 

There will now be described with reference to 
Figures 6 to 9 a centrifugal clutch which reconciles the 
technical effects and the advantages of great simplicity 
of production, very progressive operation, low weight, 
small bulk and sensitivity to the torque to be trans- 
mitted, in order to increase the speed value at and above 
which the engaged state is reached when the torque to be 
transmitted increases. 

This clutch is described by taking the example of 
the clutch 23, but it will be clear that this description 
can apply either to the clutch 107 or to the clutch 77 or 
even equally to the clutch 9 which could likewise be 
produced in this way. 

The clutch 23 is a clutch of the multi-disc type, 
that is to say it comprises an alternation of discs 79 
integral in terms of rotation with the crown 16 and of 
discs 81 integral in terms of rotation with the satellite 
carrier 18. The discs 17 comprise an external peripheral 
toothing which meshes axially slidably with internal 
splines 82 of a collar 83 fixed to the crown 16. The 
discs 81 comprise an internal toothing which meshes 
axially slidably with external splines 84 formed on a 
collar 86 fixed to the satellite carrier 18 and termi- 
nating in a stationary stop 87 for the discs 79 and 81. 
The external splines 84 are surrounded by the internal 
splines 82 of the collar 83. 

According to an important feature of the clutch 
23, a loose friction ring 88 is interposed in each gap 
between two successive discs 79 and 81. The loose 
friction rings 88 are produced, for example, from bronze 
if the discs 79, 81 are made of steel. The rings 88 do 
not mesh either with the splines 82 or with the splines 
84, but are centred by means of their bore on the tops of 
the splines 84. The loose rings 88 have a thickness of, 
for example, 0.5 mm, the discs, 79, 81 having, for 
example, a thickness of 0.8 mm. A considerable number of 



discs and rings can therefore be stacked t*us within a 
very limited axial space. 

During operation, the rings assume a speed which 
is the average of the speeds of the discs 79 and 81, 
thereby dividing in two ell the frictional speeds in the 
clutch and multiplying by two the surfaces exposed to 
heating. 

On the side opposite the stop 87, the splines 84 
are limited axially by a removable ring 89 having a 
semicircularly rounded radially outer edge 91. The clutch 
possesses, furthermore, a series of flyweights 92, each 
consisting of a metal plate arranged in an axial plane of 
the transmission device. Each flyweight 92 has in its 
periphery, on its radially inner edge, a notch 93 in 
which the edge 91 is received. The notch 93 of each 
flyweight 92 has a bottom in the torm ox. a segment of a 
circle, at the same radius R as the profile of the edge 
91, and two lateral edges 94 diverging relative to one 
another from the bottom of the notch at an angle approxi- 
mately equal to 15°. The flyweights 92 are thus mounted 
in a rocking manner on the peripheral edge 91. The centre 
of gravity G of the flyweights 92 is located towards the 
ring 89 opposite the discs 79 and 81. At rest, the 
flyweights 92 have the position shown in Figure 6, with 
the centre of gravity G relatively near to the axis of 
rotation (not shown in Figure 6) of the satellite 
carrier. When the satellite carrier is in rotation, the 
centrifugal force exerted on the flyweights at the centre 
G causes the flyweights to rock about the centre C of the 
semicircular prof ile of the edge 91, as shown in Figure 7. 

Figure 9 shows three of the flyweights 92, but it 
must be understood that the flyweights are uniformly 
distributed over the entire periphery of the transmission 
device. There can, for example, be forty flyweights 
weighing a few grams, for example 7 grams each. 

.Each flyweight 92 possesses, in the direction of 
the discs 79 and 81, an actuating face 96 which has a 
movement component directed axially towards the discs 79 
and 81 when the centre of gravity G pivots radially 
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outwards under the action of the centrifugal force. The 
actuating face 96 of each flyweight is pressed against a 
curved face 97 belonging to a thrust ring 98 which is 
common to all the fly aights and which is interposed 
between the flyweights 92 and the discs 79, 81 and has on 
its radially inner edge a toothing 99 meshing axially 
slidably with the external splines 84 and the collar 86. 

Thus, as shown in Figure 7, when the flyweights 
move radially outwards under the action of the centri- 
fugal force, their actuating face 96 pushes the thrust 
ring 98 towards the discs and it moves along the splines 
84 in the direction of compression of the discs 79, 81 
and of the loose rings 88 interposed between them. In 
Figure 6, the spacing between the discs when the clutch 
is in the released state has been exaggerated. In actual 
fact, t.iis spacing would be invisible to the naked eye, 
and therefore the movement of the ring 98 necessary for 
causing the clutch to change from its disengaged state 
can be very slight, for example of the order of I mm. In 
Figure 9, part of the ring 98 is imagined as being 
removed in order to show the rocking mounting of one of 
the flyweights 92 on the edge 91. In actual fact, the 
ring 98 extends over the entire periphery of the collar 
86. 

The ring 98 is attached by means of its outer 
periphery to a cage 201 which extends axially in the 
opposite direction to the discs 79 and 81 as far as an 
axial end 202, through which axially directed slots 203 
open, in each of which one of the flyweights 92 is guided 
so as to keep it in its respective axial plane during its 
rocking movement about the edge 91. 

As shown in Figure 6, the cage 201 passes 
radially ?oeyond the edge 91 between the latter and the 
semicircularly rounded radially inner edge 204 of a 
surround ring 206. Each flyweight 92 possesses, in the 
radially outer part of its periphery, a notch 207 having 
a bottom in the form of a segment of a circle and two 
edges diverging at an angle of approximately 15". The 
notches 207 receive the edge 204 of the ring 206 in a 
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rocking manner. The location of the notch 207 on each 
flyweight 92 is selected so that the notch 207 executes 
an almost purely axial movement when the flyweight rocks 
about the centre c of the edge 91. For this purpose, the 
notches 207 are arranged in such a way that the edge 204 
Of the ring 206 moves on either side of the plane of the 
ring 89. The purpose of the surround ring 206 is to 
prevent the flyweights from escaping freely outwards in 
a radial direction and also to couple the flyweights 
together in their rocking movement about the edge 91. 

In its radially outer region, the surround ring 
206 possesses, furthermore, a stop wing 208 of general 
cylindrical shape, against which the flyweights 92 butt 
xn a position of maximum radial deflection shown in 
Figure 8. This position is reached when the state of wear 
of the discs 79, 81 and of the rings 88 is at a maximum. 
In this case, the bearing of the flyweights 92 against 
the stop wing 208 of the ring 206 prevents the flyweights 
92 from being deflected excessively and, for example, 
from rubbing against a housing in which the transmission 
device is enclosed. 

In Figures 6 and 7, each flyweight 92 defines 
with its contour an appendage 209 which is directed 
towards the axis of the mechanism and on which can bear 
selectively a lining 211, itself bearing by means of a 
thrust ball bearing 212 on an annular pusher 213, in 
order to keep the clutch in the disengaged state if it is 
desired that the transmission should operate with a step- 
down ratl ° higher than that tending to occur automatic- 
ally in the transmission device under given conditions. 

Figure 6 shows the lining 211 in the position 
preventing the change to the engaged state, whilst the 
position allowing the change to the engaged state has 
been shown in Figure 7. 

3S As is customary for multi-disc clutches of 

conventional automatic transmissions, the multi-disc 
clutch according to the present invention operates with 
a lubrication of the discs 79, 81 and of the loose rings 

88. . .., 
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The means 211, 212, 213 illustrated in Figures 6 
and 7 are not shown in Figure 5, and they afford an 
additional possibility for the operation of the gear box, 
but are not indispensable. 

The operation of the multi-disc clutch according 
to the present invention will now be explained. 

The lever arm L which the centrifugal force F 
exerted at the centre G has about the centre of rotation 
C is markedly greater than the lever arm m whxch the 
bearing force H of the face 96 on the edge 97 of the nn, 
98 has about the same centre C. The torque of the force 
P about the centre C is balanced by the reaction torque 
of the ring 98 on the flyweights 92, thus resulting in 

the relation: 

F x L = H x m, hence 

H = F x L/m. 

Thus, in the example illustrated, where L is 
approximately four times greater than m, the force H 
receives by the ring 98 is equal to approximately four 
times the centrifugal force generated by the flyweights 

Force H generates on each disc 79 or 81 a fric- 
tional farce tending to cause the discs 79 and 81 to 
rotate at the same speed. Since each disc recedes the 
entire compressive force H of all the flyweights 92, an 
increase in the number of discs 79 and 81 and conse- 
quently of the loose rings 88 corresponds to a reduction 
of the speed beyond which the clutch is in the engaged 
state. Thus, in other words, the multiplicity of discs J9 
and 81 is another factor in the amplification of the 
centrifugal force generated by the flyweights 92. Because 
of this double amplification of the centrifugal force and 
al so because of the possibility of having a large number 
of flyweights distributed over the periphery of the 
clutch, flyweights of a surprisingly low ^-"J*£ 
example 7 grams) are sufficient to cause a clutch trans 
mittLg considerable power to change to the engaged 
state. As .iready explained above, the loose rings 88 
multiply by two the friction surfaces between the 



successive discs, thus dividing the frictional speeds by 
two, because each ring assumes a speed which is the 
average of those of the two discs between which it is 
located. It has been verified, in fact, that, contrary to 
what might be thought, the rings 88 do not tend to adhere 
to one of the discs and to transfer the entire friction 
to the interface with the other disc. 

Moreover, because of the great many friction 
surfaces, there is an appreciable stroke of the bearing 
ring 98 between the moment when the engagement process 
begins from the disengaged state and that when the 
completely engaged state is reached. This appreciable 
stroke, for example 1 mm, makes the clutch very progress- 
ive and the engagement process is spread over a particular 
speed range, instead of occurring at a specific speed. 

Furthermore, since the pressure force exerted by 
the thrust ring 98 is an increasing function of the 
rotational speed of the flyweights 92 about the axis of 
the mechanism, and since in addition the compressive 
force to be exerted on the clutch to ensure complete 
engagement is a function of the torque to be transmitted, 
the speed interval during which engagement takes place 
moves towards high values when the torque to be trans- 
mitted is higher. 

Consequently, the clutch according to the present 
invention gives two interesting results for motor-vehicle 
transmissions: 

- the transmission ratio varies progressively 
during the engagement process; and 

- the change towards a ratio of less stepping 
down occurs at speeds which are higher, the higher the 
torque to be transmitted. 

From the engaged state, a disengagement process 
begins if the rotational speed of the flyweights 92 
crosses in the direction of lower values a speed interval 
which once again depends on the torque to be transmitted. 
For a given torque, this speed interval is lower than the 
speed interval of the engagement process. This phenomenon, 
which occurs as a result of particular adhesion effects 
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of the discs between one another when they are In engage- 
ment , likewise corresponds to what is desired for the 
transmission in motor vehicles. 

The advantage of the clutch according to the 
present invention is, furthermore, that it is very easy 
to mount. With the ring 89 not yet being associated with 
the satellite carrier, the discs 79 and 81 and the rings 
88 are installed by axial sliding between the two collars 
83 and 86. This stacking is completed by placing the 
thrust ring 98 on the splines 84. Moreover, the 
flyweights 92 are mounted between the ring 89 and the 
surround ring 206. For this purpose, each flyweight 92 is 
engaged flat between the ring 206 and the ring 89 and is 
then pivoted through 90°. In other words, a mounting of 
the quarter-turn type is carried out for each flyweight 
92. When all the flyweights 92 have been mounted thus, 
this assembly is brought axially towards the satellite 
carrier, each flyweight being engaged into the corres- 
ponding slot 203 of the cage 201. It is thereafter suffi- 
cient to fix the ring 89 to the front face of the collar 
86, for example by means of screws. 

To produce a clutch having specific characteris- 
tics, the number of discs 79 and 81 and the number of 
flyweights 92 are chosen accordingly. To obtain a clutch 
having greater progression, without modifying the speed 
at which engagement takes place, given a particular 
torque to be transmitted, the number of discs can be 
increased and the number of flyweights reduced in the 
same proportion. 

The transmission device of Figure 5 as a whole 
operates as follows. It will be assumed hereafter that 
all the centrifugal clutches have the structure described 
with reference to Figures 6 to 9 in respect of the clutch 
23. It will be assumed, too, that the blocking means 36, 
38 and 211 are in the released state and the blocking 
means 37 is in the blocked state, until the question of 
operation as an engine brake is dealt with. 

When the engine 3 is idling, the centrifugal 
clutch 9 is uncoupled, so that the transmission device 1 
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as a whole, with the exception of the input 2, is 
stationary if the wheels of the vehicle are stationary. 

If the rotational speed of the input 2 is in- 
creased by acting on the engine 3, the centrifugal clutch 
9 makes the coupling between the input 2 and on the one 
hand the driving member 108 of the clutch 107 and on the 
other hand the third access 21, that is to say the planet 
wheel 14 of the planetary gear train 13. At this stage, 
the clutch 107 is in the disengaged state. Operation then 
corresponds to that of phase P' x of Figure 2. This is a 
first ratio of the transmission. 

With the rotational speed of the input 2 continuing 
to increase, the engagement process begins in the centri- 
fugal clutch 107, and the latter transmits a torque to 
the access 19 of the planetary gear train 13. This torque 
is transmitted to the crown 16 by the reducer 27 which 
multiplies it in the ratio of, for example, 2.5, The 
crown 31 of the reducer 27 tends to rotate in the back- 
ward direction, this being prevented by the free wheel 
32. At the outset, the torque so multiplied is lower than 
the torque transmitted in the opposite direction to the 
crown 16 by the satellites 17, in view of the still low 
rotational speed of the driving member 108 and therefore 
of the flyweights which it drives. The crown 16 conse- 
quently still tends to rotate in the backward direction 
and continues to gain reac'ion support on the frame by 
means of the free wheel 22 which prevents this movement. 

As soon as the clutch 107 produces a sufficient 
drive torque on the driven member 111, the crown 16 is 
set in rotation in the forward direction and thereby 
transmits to the satellite carrier 18 a useful power 
which is added to that transmitted by means of the planet 
wheel 14. At this stage, the differential mechanism 13 
operates as a power adder. 

With the torque transmitted by the clutch 107 to 
the driven member 111 increasing, the crown 16 assumes an 
increasing angular speed which reaches the angular speed 
of the planet wheel 14, as divided by the reduction ratio 
in the reducer 27, when the clutch 107 reaches the 
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completely engaged state. The initial transmission ratio 
of the device 1 therefore changes progressively from a 
value which is, for example, 4 to 1 to a value which is 
1.8 to 1 (ratio between the rotational speed of the 
planet wheel 14 and the satellite carrier 15 when the 
crown 16 rotates 2.5 times less quickly than the wheel 
14). This is a second ratio of the transmission device. 
As explained above, the rotational -speed interval of the 
input 2 in which the progressive change from the first 
ratio to the second takes place is a function of the 
torque to be transmitted. In fact, an increased speed 
generating an increased gripping force in the clutch will 
be necessary in order to transmit an increased torque. It 
will be seen that the losses attributable to friction in 
the clutch 107 are surprisingly low, the wear likewise 
proving to be very low, as a result of the clutch struc- 
ture according to the invention and also because only a 
minor part of the power passes via the clutch 107 when 
the latter slips. 

When the angular speed of the satellite carrier 
18 crosses in an increasing direction the speed interval 
defined by the clutch 23 as a function of the torque to 
be transmitted, the clutch 23 couples the satellite 
carrier 18 to the crown 16, so that the transmission 
devic . as a whole between the input 2 and the satellite 
carrier 18 rotates at the speed of the input 2. This 
corresponds to a third ratio of the transmission device. 

Like the clutch 107, the clutch 23 transmits only 
some of the power during the slip. 

During all the above operating phases, the 
centrifugal clutch 77 was in the uncoupled state. 

Subsequently, the speed of the satellite carrier 
54 crosses in an increasing direction the speed interval 
in which the clutch 77 changes progressively to the 
engaged state, thus ensuring a direct drive in the 
transmission device as a whole, this corresponding to a 
fourth ratio of the transmission device. 

During operation as an engine brake, the free 
wheels 26 and 78 between the input 2 and the output 4 
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always prevent the output 4 from rotating faster than the 
input 2. 

A more effective engine brake can be obtained by 
putting a means 221 for blocking the crown 52 in the 
5 blocking position, in order to force the gear train 51 to 
function as a reducer, if need be with the use of a 
means, such as 211, 212, 213 (Figures 6 and 7), for the 
forced change of the clutch 77 to the disengaged state. 

An even more effective engine brake can be 
10 obtained by putting the neans 38 and 211, for blocking 
the crowns 31 and 52 respectively, simultaneously in the 
blocking position, so as furthermore to increase the 
rotational speed of the planet wheel 28 of the reducer 27 
in relation to that of the crown 16, in order to cause 
15 the transmission device to operate according to the 
second ratio of the transmission. 

An even more effective engine brake is obtained 
by releasing the means 38 and the means 37 and by 
blocking the means 36, in which case the transmission is 
20 blocked in the first transmission ratio, the crown 31 
rotating at high speed in the backward direction. 

Figure 10 shows another example of a clutch 
according to the invention which differs from that of 
Figures 6 to 9 in that the cage 201 and the peripheral 
25 edge 91 are integral with the internal splines 82. The 
cage 201 is therefore no longer axially movable and 
serves for connecting the splines 82 to the edge 91 by 
means of a peripheral bell 222 which surrounds the 
flyweights 92 and the surround ring 206. The edge 201 is 
located almost opposite the thrust ring 98, but with an 
outward radial offset of the edge 91, so that the 
movement of the actuating surface 96 of the flyweight has 
an axial component in the direction of compression of the 
clutch discs 79, 81 when the centre of gravity G of the 
35 flyweight moves radially outwards. 

The four embodiments just described can operate 
,-- rr ^ without control hydraulics and are extremely light, 
/V #}* \ com P act an <* economical. In particular, the components of 
the type of the free wheel, entrifugal clutch and the 
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blocking means are trade components of very low cost 
price. All the clutches between two movable members are 
simple because they are actuated by centrifugal force. To 
put a figure on this, it can be said that a transmission 
according to the invention costs five o ten times less 
to produce than a current automatic transmission, and its 
bulk is approximately two to three times smaller. 
Moreover, the fuel consumption and the performance at 
reduced speed are improved very appreciably. 

Of course, the invention . is not limited to the 
examples described and illustrated. 

It will be possible to simplify the device of 
Figure 1 further by omitting the centrifugal clutch 9 and 
the free wheel 22, the input 2 then being connected 
directly to the pump 8. During idling, the planet wheel 
14 is driven in the forward direction and the crown 16 in 
the backward direction because of the immobility of the 
satellite carrier 18, the vehicle being assumed to be 
stopped. This backward rotation is. transmitted to the 
turbine 11 which is therefore forced to rotate in the 
opposite direction to the pump 8, thus resulting in a 
heating of the oil and a loss of power. 

Starting from the embodiment of Figure 5, it 
would be possible to produce a device with only two 
ratios having a progressive transition between one 
another, by omitting the reducer 27, the additional 
differential 51 and one of the clutches 107 and 23 and by 
connecting the satellite carrier 18 directly to the 
output 4. 

A device with three ratios could also produced by 
omitting the additional differential 51 and by connecting 
the satellite carrier 18 to the output 4. 

The differential 51 could be interposed between 
the driven member of the clutch 9 on the one hand and the 
driving member 108 (itself remaining connected to the 
access 21) on the other hand. 

There could be a plurality of loose rings, such 
as 88, in each gap between two successive discs, such as 
79 and 81. 
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The claims defining the invention are as follows: 

1 . A variable-ratio transmission device for a motor vehicle, the transmission 

device comprising an input and an output; a differential mechanism having a first 
access, a second access, and a third access, the differential mechanism defining a 
first transmission ratio and a second transmission ratio, the rotational speed of the 
output relative to that of the input being higher during operation according to the 
second ratio than during operation according to the first ratio/^at least a first 
selective coupling means for effecting the change from the first ratio to the second, 
the first selective coupling means having a driving member and a driven member 
and being of a type which allows relative angular slip between the driven member 
and the driving member as a function of torque transmitted between the members 
and rotational speed of the driving member; means for connecting the input of the 
device to the driving member of the first selective coupling means independently 
of any of the accesses of the first differential mechanism; means for connecting the 
output of the device to the first access of the first differential mechanism; means 
for connecting the driven member of the first selective coupling means to the 
second access of the first differential mechanism; means for connecting the input 
of the device to the third access of the first differential mechanism independently 
of the first selective coupling means; and means for preventing the second access 
from rotating backwards during operation according to the first transmission ratio. 
2. A transmission device according to claim 1 wherein the means for 

preventing rotation in the backward direction comprises a free wheel. 
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3. A transmission device according to claim 1, wherein the means for 

preventing rotation comprises means far deactivating the means far preventing 
rotation in the backward direction far operation with the output stationary and the 
motor of the vehide idling. 

4* A transmission device according to claim 1, wherein 

selective coupling means further includes a second selective coupling means 
comprising direct-drive means for selectively fixing two of the first, second, and 
third accesses of the first differential mechanism relative to one another so as to 
provide a direct drive. 

5. A transmission device according to claim 4, wherein the direct-drive 
means are responsive to the rotational speed of the output of the transmission 
device and to a function of the load transmitted by the transmission device for 
selectively fixing said two of the first, second, and third accesses of the first 
differential mechanism relative to one another. 

6. A transmission device according to claim 5, wherein the direct-drive 
means comprises a dutch which progressively connects two of the first, second, 
and third acoessgs erf the first differential mechanism when the rotational speed of 
the output crosses in an increasing direction a speed interval for the change to 
direct drive* 

7. A transmission device according to claim 1, wherein the means for 
connecting the driven member of the first selective coupling means to the second 
access of the first differential mechanism comprises a speed reducing gear train 
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having two ratios. 

8. A transmission device according to claim 7, wherein one of the two 
ratios of the speed reducing gear train is a direct-drive ratio. 

9. A transmission device according to daim 8, wherein the speed reducing 
gear train comprises a second differential mechanism including a reaction member; 
a free wheel mounted between the reaction member; and a stationary member for 
preventing the reaction member from rotating in the direction of a reaction 
transmitted to it during the speed reduction between the driven member of the 
first selective coupling means and the second access of the first differential 
mechanism; andja dutch for selecting the direct drive ratio of the second 
differential mechanism to provide a direct drive between the driven member of the 
first selective coupling means and the second access of the first differential 
mechanism* 

10* A transmission device according to daim 9, further comprising means 

for releasing the free wheel associated with the reaction member during operation 
according to the first transmission ratio. 

11. A transmission device according to daim 1, wherein the means for 
connecting the input of the device to the driving member of the first selective 
coupling means comprises an input dutch. 

12. A transmission device according to daim 11, wherein the input dutch 
is a clutch sensitive to the rotational speed of the input of the device, in order to 
connect the input of the device to the driving member of the first selective 
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coupling means when the rotational speed of the input of the device exceeds a 
particular threshold. 

13. A transmission device according to claim 12, wherein the first selective 
coupling means connects the input of the device progressively to the second access 
of the first differential mechanism when the rotational speed of the input of the 
device crosses a predetermined speed interval in the increasing direction, the 
predetermined speed interval being located higher in terms of value than said 
particular threshold. 

14. A transmission device according to claim 1, wherein ^hc at lc a o* a fiwrt 
selective coupling means comprises an additional differential that is interposed 
mechanically in series with the assembly comprising the first differential 
mechanism and the first selective coupling means, the additional differential 
having a reaction member normally prevented from rotating in the backward 
direction and automatic means sensitive to the^rotation of speed in order to put 
the input and the output of the additional differential on direct drive. 

15. A transmission device according to claim 14, further comprising means 
of reverse motion for selectively and substantia w - simultaneously uncoupling and 
immobilising the output of the additional differential, releasing the reaction 
member to allow it to rotate in the backward direction and coupling the reaction 
member at least indirectly to the output of the device. 

16. A transmission device according to claim 1, wherein the first selective 
coupling means is a dutch controlled as a function of the rotational speed of die 
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driving member of the first selective coupling means so as to change progressively 
from a disengaged state to an engaged state when the rotational speed of the 
driving member of the first selective coupling means crosses a predetermined 
speed interval in the increasing direction. 
5 17, A transmission device according to claim 16, wherein the dutch 

controlled as a function of the speed comprises me*ns for varying the speed 
interval as an increasing function of the torque transmitted by the device. 

18. A transmission device according to claim 17, wherein the means for 
varying the speed interval comprises means for applying to the clutch controlled 

10 as a function of the speed a gripping force which is a substantially continuous 
function of the speed, at least over a predetermined range of variation. 

19. A transmission device according to claim 16, wherein the clutch 
controlled as a function of the rotational speed is a clutch of the multi-disc type 

*• comprising first discs rotatably connected to the driving member and second discs 
rotatably connected to the driven member of the dutch, the second discs being 
placed between successive ones of the first discs. 

20. A transmission device according to claim 19, wherein the atleast one 
dutch controlled as a function of rotational speed comprises loose friction rings not 
rotatably connected to either the driving member or the driven member, each 

■™8D friction ring being interposed between the successive first and second discs. 

21. A transmission device according to claim 20, wherein the first and 
second discs are made of steel and the loose friction rings are made of bronze. 
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22. A transmission device according to data 20, wherein the thickness of 
the loose friction rings is of the order of 0.5mm. 

23. A transmission device according to claim 19, wherein the dutch 
controlled as a function of the rotational speed comprises an assembly of 
flyweights mounted as rockers en a peripheral edge driven in rotation at the sjeed 
to which the dutch is sensitive, each flyweight being guided in a substantially axial 
slot of a cylindrical cage common to all the flyweights and bring integral with an 
actuating surface pressed at least indirectly onto the discs of the dutch, the 
actuating surfaces of the flyweights having a component of axial movement in the 
direction of axial compression of the clutch when the flyweights pivot as rockers 
under the action of centrifugal force. 

24. A transmission device according to claim 23, wherein the slots of the 
cylindrical cage are open at one axial end of the cylindrical cage. 

25. The transmission device according to claim 23, wherein the cylindrical 
cage is fixed to a thrust ring of the discs of the dutch, on which ring the actuating 
faces of the flyweights bear. 

26. A transmission device according to claim 23, wherein the dutch of the 
multi-disc type comprises a surround ring which surrounds the assembly of 
flyweights and which is coupled in terms of axial movement to the flyweights in 
order synchronize the movements of the flyweights. 
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27. A transmission device according to claim 26, wherein the surround ring 
comprises a stop limiting the rocking of the flyweights under the action of 
centrifugal force. 

28. A transmission device according to claim 23, wherein each flyweight 
5 comprises a solid plate having on its periphery a notch for receiving the peripheral 

*dge. 

29. A transmission device according to claim 1, in which the first selective 
coupling means is a hydraulic torque converter of which the driving member is a 
converter pump and the driven member is a converter turbine. 

10 30. A transmission device, according to claim 1, wherein at least one of said 

selective coupling means comprises a clutch responsive to rotational speed for 
selective factional coupling, and variable torque transmission capability according 
to speed between driving member and driven member of said clutch, said clutch 
including friction coupling means respectively connected to said driving and said 

» 

••« 

»fS» driven members, and flyweights-support means mounted for rotation at said 
>• 

rotational speed and having a cage provided with peripherally distributed slits 
**: accommodating axle-free flyweights, said fly weights and flyweights-support means 

having mutual abutment means for guiding the flyweights in the slits in a rocking 

• • • 
• 

movement in which a center of gravity of the flyweights has a radially directed 
component of movement and an actuator portion of the flyweights has an axially 
directed component of movement, said actuator portion of the flyweights being 
positioned for at least indirect, selective axial urging of the friction coupling means. 
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31. A transmission device according to daim 30, wherein the mutual 
abutment means comprise means limiting radially outwards movement of the 
flyweights. 

32. A transmission device according to claim 30, wherein the mutual 
abutment means comprise means limiting radially outwards movement of a radially 
outer portion of the flyweights which moves substantially axially when the 
flyweights undergo said rocking movement. 

33. A transmission device according to claim 30, wherein the mutual 
abutment means comprise a ring surrounding the flyweights for limiting radial 
deplacement of an outer portion of the flyweights. 

34. A transmission device according to claim 33, wherein the ring and th£ 
cage are axially movable with respect to each other. 

35. A dutch according to claim 34, wherein the ring projects into a notch 
of the flyweights. 

36. A transmission device according to claim 30, wherein the mutual 
abutment means comprise journalling abutment means defining the rocking 
movement of the flyweights. 

37. A transmission device according to claim 36, where in the journalling 
abutment means comprise an annular rounded edge projecting into a journalling 
notch of the flyweights. 



-40- 

38. A transmission device according to daim 30, wherein the cage is integral 
with a pressure element adapted to transmit to the friction coupling means s&ki 
selective axial urging from the actuator portion of the flyweights 

39. A transmission device according to daim 38, wherein the slits are 
5 provided through a cylindrical portion of the cage and are open at one axial end 

of the cage. 

40. A transmission device according to daim 30, wherein the flyweights- 
support means comprise a surround ring which surrounds the plurality of 
flyweights and which is coupled for common axial displacement with a portion of 

10 the flyweights which undergoes substantially axial displacement when the 
flyweights are rocking, in order to synchronize the rocking movements of the 
flyweights. 

41. A transmission device according to daim 40, wherein the surround ring 

•••• comprises a stop limiting rocking displacement of the flyweights under the action 
• • • 

V*»15 of centrifugal force. 

42. A transmission device according to daim ?0, wherein each flyweight 
c omprise s a so lid plate having a shaped contour and substantially constant 
uucxness. 

43. A variable ratio transmission device for a motor vehicle substantially as 
: 20 herein before described with reference to the accompanying drawings. 
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DATED this 26th day of JULY, 1993 

MAT HOLDING B.V. 
By their Patent Attorneys: 
CALUNAN LAWRIE 
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